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(67)  An optical system includes: a first panel includ-
ing a plurality of first electrodes extending in a first direc-
tion; a second panel facing the first panel and including
a plurality of second electrodes extending in a second
direction crossing the first direction; an optical conversion
layer between the first panel and the second panel; and
a first insulating layer between the first electrodes and
the second electrodes, the first insulating layer including
an organic material, wherein, in a touch mode, one or

more of the first electrodes and one or more of the second
electrodes crossing each other form a touch sensing ca-
pacitor, and wherein, in a multi-view mode, the first elec-
trodes and the second electrodes apply an electric field
to the optical conversion layer, the electric field depend-
ing on a voltage difference between the first electrode
and the second electrode, to generate different phase
differences.
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Description
BACKGROUND
1. Field

[0001] Aspects of embodiments of the present inven-
tion relate to an optical system and a display device in-
cluding the same.

2. Description of the Related Art

[0002] Recently, display devices capable of displaying
3-dimensional (3D) images or presenting different imag-
estorespective users (e.g., viewers) at different positions
(multi-viewing) have attracted attention.

[0003] Generally, in a 3D image display device, stere-
oscopic perception of a displayed object is represented
by using a binocular parallax effect to create stereoscopic
perception at a near distance. For example, when differ-
ent 2-dimensional (2D) images are presented to a left
eye and aright eye, respectively, and the image present-
ed to the left eye (hereinafter referred to as a "left eye
image") and the image presented to the right eye (here-
inafter referred to as a "right eye image") are transferred
to a viewer’s brain, the left eye image and the right eye
image are combined in the viewer’s brain to be recog-
nized as the 3D image having depth or stereoscopic per-
ception (e.g., giving a viewer perceived depth perception
of a displayed image).

[0004] The 3D image display device capable of dis-
playing the 3D image may use the binocular parallax ef-
fect and may display a stereoscopic 3D image by using
glasses, such as shutter glasses, polarized glasses, or
the like, or may be an autostereoscopic 3D image display
device in which an optical system, such as a lenticular
lens, a parallax barrier, orthe like, is disposed on adisplay
device and displays a 3D image without using glasses.
[0005] A multi-viewing display technique may use a
similar method to the 3D image display technique to
present the different images to the observers at different
positions.

[0006] The autostereoscopic 3D image display device
and/or the multi-viewing display device using a lens dis-
play images corresponding to different viewing points
and changes a light path of the image by using the lens
positioned between the display panel and the observer
to divide the 3D image or the multi-viewing image into
the several viewpoints to be displayed and transmit the
respective images to each viewing point, thereby realiz-
ing the 3D image or the multi-viewing image. The auto-
stereoscopic 3D image/multi-viewing display device us-
ing the lens may display an image having higher lumi-
nance compared with the display device using a barrier.
[0007] The display device may also include a touch
sensing function capable of user interaction correspond-
ing to the displayed image. The touch sensing function
is used to create touch information, such as whether or
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notan object approaches ortouches a screen and atouch
location thereof, by sensing changes in pressure, charg-
es (e.g., electrical charges or current), light, and the like
which are applied to a screen of the display device when
the user approaches or touches the screen using a finger
or a touch pen, for example, to write text or draw figures.
The display device may receive an image signal based
on the touch information.

[0008] The touch sensing function may be implement-
ed by asensor. The sensor may be classified into various
types, such as aresistive type, a capacitive type, an elec-
tro-magnetic (EM) type, and/or an optical type.

[0009] Among these, the capacitive type sensor in-
cludes a sensing capacitor and detects a change in ca-
pacitance of the sensing capacitor which is generated
when a conductor, such as a finger, approaches the sen-
sorto determine whether or not the conductorisin contact
with the sensor and a corresponding contact position.
[0010] The capacitive type touch sensing sensor in-
cludes a sensing capacitor including a plurality of sensing
electrodes transmitting a detection signal and detects a
change in the capacitance of the sensing capacitor gen-
erated when the conductor, such as the finger, approach-
es the touch sensing sensor, thereby determining wheth-
er or not the conductor is in contact with the sensor and
the corresponding contact position.

[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the invention, and therefore, it may
contain information that does not form the prior art that
is already known to a person of ordinary skill in the art.

SUMMARY

[0012] Adisplaydevice havingboth a 3D image display
function and a touch sensing function is desirable. If an
optical system, such as a lens, to display the 3D image
or the multi-viewing image and a separate sensor having
the touch sensing function are attached to the display
device, the thickness and the weight of the entire display
device may be increased and/or the brightness of a dis-
played image may be reduced such that competitiveness
or desirability of a product may be decreased. Also, the
optical system and the sensor may be formed using a
more complicated process including a number of masks
and increased processing time, resulting in increased
manufacturing cost.

[0013] Accordingly, aspects of embodiments of the
present invention seek to provide an optical system re-
ducing the drawbacks that decrease the competitiveness
of the product, such as increased thickness, increased
weight, increased number of processing steps, increased
processing time, and increased processing cost without
a reduction in luminance of an image while having the
touch sensing function and the multi-viewing point image
display function, such as the 3D image and the multi-
viewing image, and a display device including the same.
[0014] An optical system according to an embodiment
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of the present invention includes: a first panel including
a plurality of first electrodes extending in a first direction;
a second panel facing the first panel and including a plu-
rality of second electrodes extending in a second direc-
tion crossing the first direction; an optical conversion lay-
er between the first panel and the second panel; and a
first insulating layer between the first electrodes and the
second electrodes, the first insulating layer including an
organic material, wherein, in a touch mode, one or more
of the first electrodes and one or more of the second
electrodes crossing each other form a touch sensing ca-
pacitor to sense a touch, and wherein, in a multi-view
mode, the first electrodes and the second electrodes are
configured to apply an electric field to the optical conver-
sion layer, the electric field depending on a voltage dif-
ference between the first electrode and the second elec-
trode, to generate different phase differences according
to positions along the optical system.

[0015] According to an embodiment of the present in-
vention, a display device includes: a display panel; an
optical system facing the display panel; and a graphics
controller configured to control the display panel and the
optical system. The optical system includes: a first panel
including a plurality of first electrodes extending in a first
direction; a second panel facing the first panel and in-
cluding a plurality of second electrodes extending in a
second direction crossing the first direction; an optical
conversion layer between the first panel and the second
panel; and a first insulating layer between the first elec-
trode and the second electrode. In a touch mode, one or
more of the first electrodes and one or more of the second
electrodes crossing each other form a touch sensing ca-
pacitor to sense a touch, and, in a multi-view mode, the
first electrodes and the second electrodes apply an elec-
tric field to the optical conversion layer, the electric field
depending on a voltage difference between the first elec-
trode and the second electrode, to generate different
phase differences according to positions along the optical
system. The first insulating layer may substantially com-
pletely overlap or cover the plurality of first electrodes
or/and the plurality of second electrodes in an area cor-
responding to a display area of the display panel.
[0016] A dielectric constant of the first insulating layer
may be between about 2.5 and about 3.5, and, in the
touch mode, the first insulating layer may function as a
dielectric material of the touch sensing capacitor and may
include an organic material.

[0017] A thickness of the first insulating layer may be
greater than a thickness of the optical conversion layer.
[0018] The first insulating layer may be between the
first electrodes and the optical conversion layer.

[0019] The optical conversion layer may be a liquid
crystal layer.
[0020] The optical system may include a first driver

configured to apply a common voltage to the plurality of
first electrode in the multi-view mode and to apply a touch
input voltage to the plurality of first electrodes in the touch
mode, and a second driver configured to apply different
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voltages to the adjacent ones of the second electrodes
in the multi-view mode and to receive a touch output volt-
age from the second electrode in the touch mode.
[0021] The plurality of first electrodes may be sequen-
tially supplied with the touch input voltage in the touch
mode.

[0022] The optical system may further include at least
one alignment layer disposed on at least one of an inner
surface of the first panel and an inner surface of the sec-
ond panel, respectively.

[0023] The optical system may further include a cover
window on the second panel, and a polarizer disposed
between the cover window and the second electrodes,
and the cover window may be tempered.

[0024] The second panel may further include a polar-
izer between the cover window and the second elec-
trodes.

[0025] The second panel may further include a tem-
pered substrate or a polarizer.

[0026] The first direction and the second direction may
form an obtuse angle.

[0027] The display device may further include an opti-
cal system controller configured to receive a mode se-
lection signal from the graphics controller to control the
optical system and a display controller configured to re-
ceive the mode selection signal from the graphics con-
troller.

[0028] At least some of the above and other features
of the invention are set out in the claims.

[0029] Accordingtoembodiments ofthe presentinven-
tion, the optical system having the touch sensing function
and the 3D image or the multi-viewing image display func-
tion and the display device including the same are pro-
vided such that drawbacks, such as the thickness, the
weight, the number of processing steps, the processing
time, and the processing cost of such a display device
may be reduced, and the luminance of the image is not
substantially reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1isablock diagram of a display device including
an optical system according to an embodiment of
the present invention,

FIG. 2 is a top plan view of an optical system accord-
ing to an embodiment of the present invention,
FIG. 3, FIG. 4, FIG. 5, and FIG. 6 are cross-sectional
views of embodiments of the optical system taken
along the line IlI-Ill of FIG. 2,

FIG. 7 is a cross-sectional view showing a schematic
structure of a display device including an optical sys-
tem and illustrating a method of displaying a 3D im-
age according to an embodiment of the present in-
vention,

FIG. 8 is a top plan view of an optical system accord-
ing to an embodiment of the present invention,
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FIG. 9 to FIG. 11 are graphs showing phase delay
according to a position along an optical system ac-
cording to an embodiment of the present invention
when the optical system forms a lens,

FIG. 12 is a cross-sectional view of a part (e.g., a
portion) of an optical system and a voltage applied
thereto according to an embodiment of the present
invention,

FIG. 13isatop plan view of an optical system forming
a lens unit according to an embodiment of the
present invention,

FIG. 14 is a cross-sectional view of the lens unit of
the optical system shown in FIG. 13 taken along the
line XIV-XIV,

FIG. 15is a cross-sectional view showing electrodes
included in an optical system and a voltage applied
thereto according to an embodiment of the present
invention,

FIG. 16 is a cross-sectional view showing a sche-
matic structure of a display device including an op-
tical system and illustrating a method of displaying
a 2D image according to an embodiment of the
present invention,

FIG. 17 is a cross-sectional view illustrating a touch
sensing method when an optical system according
to an embodiment of the present invention has a
touch sensing function, and

FIG. 18 and FIG. 19 are top plan views of an optical
system according to an embodiment of the present
invention.

DETAILED DESCRIPTION

[0031] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which embodiments of the invention are
shown. As those skilled in the art would realize, the de-
scribed embodiments may be modified in various, differ-
ent ways, all without departing from the scope of the
present invention.

[0032] In the drawings, the thickness of layers, films,
panels, regions, etc., may be exaggerated for clarity. Like
reference numerals designate like elements throughout
the specification. It will be understood that when an ele-
ment, such as a layer, film, region, or substrate, is re-
ferred to as being "on," another element, it can be directly
on the other element or intervening elements may also
be present. When an element is referred to as being "di-
rectly on," "directly connected to," or "directly coupled to"
another element, there are no intervening elements
present. Also, the term "exemplary" is intended to refer
to an example or illustration.

[0033] Throughout this specification and the claims
that follow, when it is described that an element is "cou-
pled" or "connected" to another element, the element
may be "directly coupled" or "directly connected" to the
other element or "electrically coupled" or "electrically con-
nected" to the other element through a third element. In
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addition, unless explicitly described to the contrary, the
word "comprise" and "include" and variations such as
"comprises," "comprising," "includes," or "including" will
be understood to imply the inclusion of stated elements
but not the exclusion of any other elements. The termi-
nology used herein is for the purpose of describing par-
ticular example embodiments only and is notintended to
be limiting of example embodiments. As used herein, the
singular forms "a" and "an" are intended to include the
plural forms as well, unless the context clearly indicates
otherwise.

[0034] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper," and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" or "over" the
other elements or features. Thus, the term "below" may
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees
or atother orientations), and the spatially relative descrip-
tors used herein should be interpreted accordingly.
[0035] Now, an optical system having a touch sensing
function and a display device including the same accord-
ing to embodiments of the present invention will be de-
scribed with reference to the accompanying drawings.
[0036] FIG. 1 is a block diagram of a display device
including an optical system according to an embodiment
of the present invention,

[0037] Referring to FIG. 1, a display device according
to an embodiment of the present invention includes an
optical system 300 having a touch sensing function, an
optical system controller 350 for controlling the optical
system 300, a display panel 500 for displaying an image,
and a graphics controller 600 for controlling the optical
system 300 and the display panel 500.

[0038] Thedisplaydevice accordingtoanembodiment
of the present invention may be operated in at least two
different display modes.

[0039] For example, the display device according to
an embodiment of the presentinvention may be operated
in a two-dimensional (2D) image display mode for dis-
playing a 2D image or in a multi-view mode for displaying
athree-dimensional (3D) image or a multi-viewing image
displaying different images to different viewing points.
When the display device is operated in the 2D image
display mode, the touch sensing function capable of
sensing an external contact may be performed according
to a touch mode selection.

[0040] First, referring to the display panel 500, the dis-
play panel 500 may be one of various suitable display
panels, such as a liquid crystal panel or an organic light
emitting panel. The display panel 500 may be one of var-



7 EP 2 996 021 A1 8

ious suitable flexible display panels to be foldable, bend-
able, rollable, stretchable, and/or compressible, or may
be a rigid display panel.

[0041] The display panel 500 may include a display
area 510 as a region for displaying an image and a non-
display area in which an image is not displayed. The dis-
play area 510 includes a plurality of pixels PX and a plu-
rality of signal lines coupled thereto (e.g., connected
thereto). The plurality of pixels PX may be arranged in a
matrix. The signal lines may include a plurality of gate
lines for transmitting a gate signal and a plurality of data
lines for transmitting a data voltage.

[0042] The display panel 500 may be a non-emissive
display device, such as a liquid crystal display, or a self-
emissive display device, such as an organic light emitting
panel. When the display panel 500 is the non-emissive
display device, a backlight for supplying light may be fur-
ther included. Also, the display panel 500 may include at
least one polarizer. When the display panel 500 is the
liquid crystal panel, a liquid crystal layer operated in var-
ious suitable modes may be further included. For exam-
ple, the liquid crystal panel may be operated in various
suitable modes, such as a PLS (plane to line switching)
mode, an IPS (in-plane switching) mode, a TN (twisted
nematic) mode, an STN (super TN) mode, or a VA (ver-
tically aligned) mode.

[0043] The display panel 500 may include a plurality
of pixels PX each displaying (e.g., outputting) one of three
primary colors, such as red, green, or blue (RGB), and
may further include a plurality of pixels PX displaying
(e.g., outputting) white color in addition to the RGB pixels.
[0044] The display panel 500 may include a display
controller 520 to control and drive the display panel 500
or may be coupled to the display controller 520 through
a flexible printed circuit board. When the display control-
ler 520 is included in the display panel 500, the display
controller 520 may be integrated in the display panel 500
or may be adhered to (e.g., attached to or mounted on)
the display panel 500 as an IC chip.

[0045] The display controller 520 may include a gate
driver for generating and transmitting gate signals to the
gate lines, a data driver for generating and transmitting
data voltages to the data lines, and a signal controller for
controlling the drivers. When the display panel 500 in-
cludes a backlight, such as in the liquid crystal display,
the display controller 520 may further include a backlight
driver to switch (e.g., control) the backlight.

[0046] The display controller 520 provides the signal
to the display panel 500 so as to display the 2D image
by the pixels PX of the display panel 500 in the 2D image
display mode or to display the image of a first viewing
point through some of the pixels PX (e.g., a group of the
pixels PX) of the display panel 500 and to display the
image of a second viewing point different from the first
viewing point through different pixels PX (e.g., a different
group of the pixels PX or the other of the pixels PX) during
one frame in the multi-view mode. When displaying the
3D image, the first viewing pointimage may be a left eye

10

15

20

25

30

35

40

45

50

55

image and the second viewing point may be a right eye
image.

[0047] The optical system 300 includes an optical pan-
el 310, and a first driver (e.g., first controller) 320, and a
second driver (e.g., a second controller) 330. The first
driver 320 and the second driver 330 for driving the optical
panel 310.

[0048] The optical panel 310 is positioned in front of
(e.g., over) a surface of the display 500 on which the
display panel 500 displays the image (e.g., the optical
panel 310 is positioned such that the display panel 500
displays the image toward the optical panel 310). The
optical panel 310 includes a plurality of first electrodes
120 extending in one direction and a plurality of second
electrodes 230 extending in a different direction there-
from. For example, as shown in FIG. 1, the plurality of
first electrodes 120 are extending in an approximate x-
axis direction and the plurality of second electrodes 230
are extending in an approximate y-axis direction. For ex-
ample, the second electrode 230 may be obliquely ex-
tended with respect to the y-axis direction.

[0049] The optical panel 310 transmits (e.g., passes)
the image displayed by the display panel 500 there-
through; however, the optical panel 310 may be differ-
ently driven according to the display mode. In the 2D
image display mode, the optical panel 310 may transmit
(e.g., display) the image displayed by the display panel
500 as it is without a division into the various viewing
points. Also, in the 2D image display mode, the optical
panel 310 may be driven to sense a touch according to
the touch mode selection. In the multi-view mode, the
optical panel 310 creates (e.g., realizes) a different phase
difference according to a position along the optical panel
310, thereby forming a plurality of lenses. Accordingly,
in the multi-view mode, the optical panel 310 may divide
and output the image corresponding to each viewing
point of the different viewing points.

[0050] The first driver 320 may apply a voltage to the
first electrodes 120. In the 2D image display mode and
in the touch mode, the first driver 320 may apply a touch
input voltage to the plurality of first electrodes 120 se-
quentially in the y-axis direction. In the multi-view mode,
the first driver 320 may apply a constant voltage to all of
the plurality of first electrodes 120 but is not limited there-
to. In the multi-view mode, the constant voltage applied
to the first electrode 120 may be a common voltage
Vcom.

[0051] The second driver 330 may apply a voltage to
the second electrodes 230 and may receive a touch out-
put voltage from the second electrodes 230. In the 2D
image display mode and in the touch mode, the second
driver 330 may receive and process the touch output volt-
age according to a contact (e.g., a touch) from the plu-
rality of second electrodes 230. In the multi-view mode,
the second driver 330 may apply a voltage determined
according to a position of the plurality of second elec-
trodes 230 along the optical panel 310 to form the lens
capable of changing the light path of the image displayed
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by the display panel 500.

[0052] The first driver 320 and the second driver 330
may be integrated with or adhered to the optical panel
310 or may be coupled to the optical panel 310 through
the flexible printed circuit board.

[0053] The optical system controller 350 may be cou-
pled to the optical system 300 to control the optical sys-
tem 300. The optical system controller 350 may receive
a mode selection signal MSEL from the graphics control-
ler 600 and may control the optical system 300 based on
(e.g., according to) the mode selection signal. For exam-
ple, when the multi-view mode is selected, the optical
system controller 350 may output a first multi-viewing
point control signal CONT1_O to the first driver 320 and
a second multi-viewing point control signal CONT2_O to
the second driver 330. When the touch mode is selected,
the optical system controller 350 may output a first touch
control signal CONT1_T according to the touch mode to
the first driver 320 and a second touch control signal
CONT2_T to the second driver 330.

[0054] The optical system controller 350 may also re-
ceive atouch output voltage V_Rx from the second driver
330to be processed through an A/D conversion unit (e.g.,
an A/D converter) such that digital touch data TDATA
may be generated and output to the graphics controller
600. For this, the optical system controller 350 may in-
clude a memory, an A/D conversion unit (e.g., an A/D
converter), an information process circuit (e.g., an infor-
mation processor), and a low frequency pass filter.
[0055] The graphics controller 600 receives image in-
formation DATA and mode selection information SEL
from the outside.

[0056] The mode selection information SEL includes
information on (e.g., regarding) whether the display de-
vice is operated in the 2D image display mode and/or is
operated in the touch mode or is operated in the multi-
view mode in this embodiment.

[0057] The graphics controller 600 processes the im-
age information DATA based on (e.g., according to) the
image information DATA and the mode selection infor-
mation SEL to generate an input image signal IDAT and
an input control signal ICON for controlling the display of
the input image signal IDAT (e.g., for controlling the dis-
play of an image and/or images according to the input
image signal IDAT). The graphics controller 600 trans-
mits the input image signal IDAT and the input control
signal ICON to the display controller 520. The graphics
controller 600 receives the touch data TDATA from the
optical system controller 350 and processes the image
information DATA based on the touch data TDATA to
generate the input image signal IDAT.

[0058] The graphics controller 600 generates the
mode selection signal MSEL according to the mode se-
lection information SEL and outputs the mode selection
signal MSEL to the optical system controller 350 and the
display controller 520.

[0059] The optical system 300 is configured to be op-
erated in synchronization with the display panel 500. For
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this, the optical system controller 350 may receive a ver-
tical synchronization signal Vsync and a horizontal syn-
chronizing signal Hsync from the display controller 520.
[0060] Next, a detailed structure of the optical panel
310 of the optical system 300 according to an embodi-
ment of the present invention will be further described
with reference to FIG. 2 to FIG. 6 as well as FIG. 1.
[0061] FIG. 2 is a top plan view of an optical system
according to an embodiment of the present invention,
and FIG. 3, FIG. 4, FIG. 5, and FIG. 6 are cross-sectional
views of embodiments of an optical system taken along
the line llI-11l of FIG. 2.

[0062] Referring to FIG. 2, the optical panel 310 ac-
cording to an embodiment of the present invention, as
described above, includes a plurality of first electrodes
120 arranged along one direction and a plurality of sec-
ond electrodes 230 arranged in a different direction in a
plan view. For example, as shown in FIG. 2, the plurality
of first electrodes 120 may be approximately arranged
along the y-axis direction, and the plurality of second
electrodes 230 may be approximately arranged along
the x-axis direction. For example, the second electrodes
230 obliquely extend with respect to the y-axis direction,
thereby reducing or preventing a moire phenomenon in
the display panel 500.

[0063] The first electrodes 120 may be spaced from
each other (e.g., respectively separated), and a number
(e.g., a predetermined number) of adjacent first elec-
trodes 120 are electrically coupled to (e.g., electrically
connected to) each other so that the electrically coupled
first electrodes 120 may transmit substantially the same
voltage.

[0064] Referring to FIG. 3, the optical panel 310 ac-
cording to an embodiment of the present invention may
be positioned in front of (e.g., above) the surface on which
the display panel 500 displays the image. The optical
panel 310 may be adhered to the display panel 500 by
an adhesive 5, such as an OCA (optically clear adhesive),
an OCR (optically clear resin), and/or a PSA (pressure
sensitive adhesive).

[0065] The optical panel 310 includes a lower panel
100 and an upper panel 200 facing each other and an
optical conversion layer interposed therebetween. In the
present exemplary embodiment, the optical conversion
layer is a liquid crystal layer but is not limited thereto. In
the present embodiment, the optical conversion layer in-
cludes (e.g., is realized by) a liquid crystal layer 3.
[0066] The lower panel 100 includes a first substrate
110. The first substrate 110 includes one or more various
suitable plastic materials, such as PC, PMMA, or PET,
or may include an inorganic material, such as glass or
sapphire.

[0067] The plurality of first electrodes 120 are posi-
tioned on (e.g., arranged on) the first substrate 110. The
first electrodes 120 may have the common voltage Vcom
applied thereto when the display device is operated in
the multi-view mode, or the first electrodes 120 may have
the touch input voltage applied thereto when the display
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device is operated in the touch mode. The first electrodes
120 may be formed of a transparent conductive material,
such as ITO, 1ZO, graphene, or a metal nanowire.
[0068] The first electrodes 120 and the second elec-
trodes 230 of the upper panel 200 may apply an electric
field to the liquid crystal layer 3. The second electrodes
230 will be further described later. The electric field in-
cludes a vertical component approximately perpendicu-
lar to (e.g., normal to) a surface of the lower panel 100
or a surface of the upper panel 200.

[0069] A first insulating layer 130 is positioned on the
plurality of first electrodes 120. However, the position of
the first insulating layer 130 is not limited thereto and any
suitable position between the first electrode 120 and the
second electrode 230 may be contemplated.

[0070] Thefirstinsulatinglayer130includesanorganic
insulating material.

[0071] The firstinsulating layer 130 functions as (e.g.,
acts as) a dielectric material of the touch sensing capac-
itor along with the liquid crystal layer 3 when in the touch
mode. When in the touch mode, two terminals of the
touch sensing capacitor may be one of the the first elec-
trodes 120 and one of the second electrodes 230. When
in the touch mode, the touch sensing is determined by
(e.g., according to) a change of the capacitance of the
touch sensing capacitor. Accordingly, decreasing the ca-
pacitance of the touch sensing capacitor may increase
the sensitivity to a touch. It may be difficult to form the
touch sensing capacitor having a relatively small capac-
itance to sense the touch by only using the relative die-
lectric constant and the thickness of the liquid crystal lay-
er 3 when the liquid crystal layer 3 also functions to form
the lens in the multi-view mode.

[0072] However, according to an embodiment of the
present invention, by interposing the first insulating layer
130 including the organic material between the first elec-
trode 120 and the second electrode 230, the capacitance
of the touch sensing capacitor may be reduced. For ex-
ample, when the optical system 300 is operated in the
touch mode, the first insulating layer 130 has a relatively
low dielectric constant of about 2.5 to about 3.5. A thick-
ness W1 of the first insulating layer 130 may be greater
than a cell gap d of the liquid crystal layer 3.

[0073] In an area corresponding to the display area
510, the first insulating layer 130 may overlap the first
electrodes 120 and the second electrodes 230. In other
words, the first insulating layer 130 may substantially
completely cover and overlap the plurality of first elec-
trodes 120 and gaps therebetween or/and substantially
completely cover and overlap the plurality of second elec-
trodes 230 and gaps therebetween In an area corre-
sponding to the display area 510.

[0074] A first passivation layer 140 may be positioned
on or over the first electrode 120. The first passivation
layer 140 is positioned between the first insulating layer
130 and the liquid crystal layer 3, thereby preventing ma-
terial of the first insulating layer 130 from penetrating into
the liquid crystal layer 3. The first passivation layer 140
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may be made of an inorganic insulating material, such
as a silicon nitride (SiN,) or a silicon oxide (SiO,), and
may have a thickness of about 1000 A to about 2000 A
but is not limited thereto. However, if desired, the first
passivation layer 140 may be omitted.

[0075] The upper panel 200 includes a second sub-
strate 210. The second substrate 210 may include one
or more various suitable plastic materials, such as PC,
PMMA, and PET, or may include an inorganic material,
such as glass or sapphire.

[0076] A second passivation layer 220 may be posi-
tioned on the second substrate 210. The second passi-
vation layer 220 may be made of an inorganic insulating
material, such as a silicon nitride (SiN,) or a silicon oxide
(SiO,), and may have a thickness of about 1000 Ato
about 2000 A but is not limited thereto. However, if de-
sired, the second passivation layer 220 may be omitted.
[0077] The plurality of second electrodes 230 (or a
group of the plurality of second electrodes 230) are po-
sitioned on the second passivation layer 220. The second
electrodes 230, as described above, may apply the elec-
tric field to the liquid crystal layer 3 along with the first
electrodes 120. Accordingly, the phase difference of the
liquid crystal layer 3 may be controlled and various optical
elements for converting (e.g., changing) the path of the
light passing therethrough, may be formed, for example,
a lens may be formed. The second electrodes 230 and
the first electrodes 120 form the touch sensing capacitor
in the touch mode to transmit the touch output voltage
according to the contact.

[0078] The second electrodes 230 may be made of a
transparent conductive material, such as ITO, 1ZO,
graphene, or metal nanowire, and may further include a
low conductive material, such as a metal, to reduce wire
resistance. When the second electrodes 230 further in-
clude the metal, the metal may be opaque and a portion
of the second electrodes 230 made of the metal may form
a minute pattern having a relatively small width.

[0079] Referringto FIG. 3, the plurality of second elec-
trodes 230 may include a plurality of lower electrodes
230a and a plurality of upper electrodes 230b that are
positioned at different layers. The lower electrodes 230a
and the upper electrodes 230b may be alternately ar-
ranged along the x-axis direction.

[0080] A second insulating layer 240 is positioned be-
tween the lower electrodes 230a and the upper elec-
trodes 230b. The second insulating layer 240 may be
made of aninorganicinsulating material, such as a silicon
nitride (SiN,) or a silicon oxide (SiO,).

[0081] A width of the lower electrodes 230a and the
upper electrodes 230b may vary (e.g., change) or may
be constant according to their respective position along
the x-axis direction.

[0082] The liquid crystal layer 3 has dielectric anisot-
ropy and includes a plurality of liquid crystal molecules
31. The liquid crystal molecules 31 may be operated in
an ECB (electrically controlled birefringence) mode, a VA
(vertically aligned) mode, or an OCB (optically compen-
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sated birefringence) mode. An alignment layer may be
positioned on an inner surface of the lower panel 100
and/or the upper panel 200 to align the liquid crystal mol-
ecules 31.

[0083] A polarizer 50 may be positioned on an outer
surface of the upper panel 200. A transmissive axis of
the polarizer 50 may be approximately parallel to the di-
rection in which the second electrode 230 of the optical
panel 310 obliquely extends with respect to the y-axis
direction; however, it is not limited thereto.

[0084] The optical panel 310 may further include a cov-
er window 400 that is positioned on the polarizer 50 and
may be contacted by an external object. For instance,
the cover window 400 protects the optical panel 310 from
contact by an external object. The cover window 400 may
be made of tempered glass, tempered sapphire, or tem-
pered plastic. The relative dielectric constant of the cover
window 400 may be greater than 7. As described above,
by highly processing the relative dielectric constant of
the cover window 400, the capacitance of the touch ca-
pacitor between the second electrode 230 and an exter-
nal conductor (e.g., a finger) may be increased and,
thereby, the touch sensitivity may be increased when the
optical system 300 is operated in the touch mode.
[0085] Referringto FIG. 4, many features of the optical
system 300 according to the present embodiment are
the same or substantially the same as the embodiment
shown in FIG. 3, except for the structure of the upper
panel 200. Referring to the differences from the embod-
iment shown in FIG. 3, the plurality of second electrodes
230 positioned on the second passivation layer 220 may
be formed at (e.g., in) one single layer. The plurality of
second electrodes 230 may be spaced from each other
(e.g., separated from each other or arranged) along the
x-axis direction and may have a constant width and/or
interval along the x-axis direction or a varied width and/or
interval. In the present embodiment, the second insulat-
ing layer 240 of the embodiment shown in FIG. 3 may be
omitted.

[0086] Referringto FIG. 5, many features of the optical
system 300 according to the present embodiment are
the same or substantially the same as the exemplary
embodiment shown in FIG. 3; however, the cover window
400 may be omitted. Accordingly, the polarizer 50 posi-
tioned outermost of the optical system 300 is processed
to be tempered, thereby having the high relative dielectric
constant. For example, the polarizer 50 may include a
PSA layer that is processed to be a hard coating. As
described above, when the cover window 400 is not pro-
vided, by highly processing the relative dielectric con-
stant of the tempered polarizer 50, the touch sensitivity
may be increased when the optical system 300 is oper-
ated in the touch mode.

[0087] When omitting the cover window 400, the sec-
ond substrate 210 may be processed to be tempered.
That is, the second substrate 210 may be made of the
tempered glass, the tempered sapphire, or the tempered
plastic. In this embodiment, the polarizer 50 may be proc-
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essed to be tempered or may not be processed to be
tempered.

[0088] Referringto FIG. 6, many features of the optical
system 300 according to the present embodiment are
the same or substantially the same as the embodiment
shown in FIG. 5, except for the structure of the upper
panel 200. Referring to the differences from the embod-
iment shown in FIG. 5, a plurality of second electrodes
230 positioned on the second passivation layer 220 may
be formed at (e.g., in) one single layer. The plurality of
second electrodes 230 are spaced from each other (e.g.,
separated from each other or arranged) along the x-axis
direction and may have a constant width and/or interval
or avaried width and/orinterval along the x-axis direction.
In the present embodiment, the second insulating layer
240 of the embodiment shown in FIG. 5 may be omitted.
[0089] Next, a method in which the display device is
operated in the multi-view mode according to an embod-
iment of the present invention will be described with ref-
erence to FIG. 7 to FIG. 15 as well as the previously
described drawings.

[0090] FIG.7isacross-sectional view showing a sche-
matic structure of a display device including an optical
system and illustrating a method of displaying a 3D image
according to an embodiment of the present invention,
FIG. 8 is a top plan view of an optical system according
to an embodiment of the present invention, FIG. 9 to FIG.
11 are graphs showing phase delay according to a posi-
tion along the optical system according to an embodiment
of the present invention when the optical system forms
a lens, FIG. 12 is a cross-sectional view of a part (e.g.,
a portion) of an optical system and a voltage applied
thereto according to an embodiment of the present in-
vention, and FIG. 13 is a top plan view of a lens unit of
an optical system according to an embodiment of the
present invention.

[0091] ReferringtoFIG.7,thedisplay device according
to an embodiment of the present invention includes the
display panel 500 and the optical system 300 at the front
thereof.

[0092] When the graphics controller 600 outputs the
mode selection signal MSEL selecting the multi-view
mode to the optical system controller 350 and the display
panel 500, the optical system controller 350, the optical
system 300, and the display panel 500 are operated in
the multi-view mode.

[0093] The display panel 500 divides and displays the
image corresponding to the various (e.g., several differ-
ent) viewing points, such as the right eye image and the
left eye image, in the multi-view mode through a spatial
division method. For example, a portion (e.g., a group)
of a plurality of pixels of the display panel 500 may display
an image corresponding to one viewing point and the
remaining portion (e.g., remaining ones) thereof may dis-
play an image corresponding to a different viewing point.
A number of displayed viewing points may be two or
more. The plurality of different pixels displaying the image
at the plurality of viewing points may be periodically ar-
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ranged along any one direction.

[0094] The optical system 300 refracts the image dis-
played by the display panel 500 in the multi-view mode
such that the respective images reach corresponding
viewing points to be observed. To function as the lens of
the optical system 300, a voltage is applied to the first
electrodes 120 and the second electrodes 230 such that
an electric field is applied to the liquid crystal layer 3. The
liquid crystal molecules 31 of the liquid crystal layer 3 are
rearranged by (e.g., according to) the electric field such
that the liquid crystal layer 3 generates different phase
delays depending on the position along the optical device
300, thereby forming the various lenses.

[0095] Referring to FIG. 8, the lenses formed by the
liquid crystal layer 3 include a plurality of unit lenses LU,
and each unitlens LU includes a plurality of second elec-
trodes 230. The plurality of second electrodes 230 in-
cluded in each unit lens LU transmit a voltage (e.g., a
predetermined voltage) to form the various lenses. When
the second electrode 230 is obliquely inclined with re-
spect to the y-axis direction, the unit lens LU also has a
shape extending in the direction that is inclined with re-
spect to the y-axis direction.

[0096] The plurality of first electrodes 120 may be cou-
pled to each other and may have the common voltage
VVcom applied thereto.

[0097] Referring to FIG. 9, in the multi-view mode, the
lens generated by the liquid crystal layer 3 of the optical
system 300 according to an embodiment of the present
invention may be a gradient-index (GRIN) lens, as an
example.

[0098] Referring to FIG. 10, in the multi-view mode,
the lens generated by the liquid crystal layer 3 of the
optical system 300 according to an embodiment of the
present invention may be a Fresnel lens. The Fresnel
lens is a lens using an optical characteristic of a Fresnel
zone plate and may have an effective phase delay which
is identical or similar to that of a solid convex lens or the
GRIN lens because the refractive index distribution is
periodically repeated. A phase modulation type Fresnel
zone plates from among the Fresnel zone plates may
include a kinoform zone plate, a sinusoidal phase mod-
ulation zone plate, a binary phase modulation zone plate,
a multi-level phase modulation zone plate, and the like.
[0099] FIG. 10 shows the phase delay Y of the unit
lens LU when using the kinoform zone plate.

[0100] FIG. 11 shows the phase delay Y of the unit
lens LU using the multi-level phase modulation zone
plate. In the embodiment of the unit lens LU shown in
FIG. 11, the effective phase delay is similar to that of the
solid convex lens or the GRIN lens, but refractive index
or phase delay values are changed (e.g., vary) in a step-
wise form. Accordingly, discontinuous points appear to
generate diffraction of incident light.

[0101] Next, a structure of the optical system 300 and
the operation thereof in the multi-view mode according
to an embodiment of the present invention will be de-
scribed with reference to FIG. 12 as well as FIG. 8.
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[0102] Referring to FIG. 12, many features of the op-
tical system 300 according to an embodiment of the
present invention are the same or substantially the same
as those of the above-described embodiment. In the
present embodiment, for example, a plurality of second
electrodes 230 including a plurality of lower electrode
230a and a plurality of upper electrode 230b disposed at
(e.g., on) different layers similar to the embodiment
shown in FIG. 3 or FIG. 5 will be described.

[0103] The adjacent ones of the lower electrodes 230a
and the upper electrodes 230b may not overlap each
other. The width of each of the lower electrodes 230a
and each of the upper electrodes 230b in the x-axis di-
rection and/or the interval between the lower electrodes
230a and between the upper electrodes 230b may be
constant regardless of their respective position. The
number of lower electrodes 230a and upper electrodes
230b included in each Fresnel zone and subzones sZ1,
sZ2, sZ3, and sZ4 thereof may be different depending
on the position along the optical system 300. Each sub-
zone sZ1, sZ2, sZ3, and sZ4 includes at least one lower
electrode 230a and/or one upper electrode 230b, and
the number of electrodes 230a and 230b included in each
subzone may be gradually reduced closer to an outside
from a center of the unit lens LU. The number of lower
electrodes 230a and upper electrodes 230b included in
adjacent Fresnel zones may be the same.

[0104] Inthe present embodiment, to realize the Fres-
nel zone plate, the lower electrodes 230a and the upper
electrodes 230b corresponding to the same subzone
sZ1, sZ2, sZ3, or sZ4 in each Fresnel zone may have
the same voltage applied thereto. Also, the lower elec-
trodes 230a and the upper electrodes 230b of the sub-
zonessZ1,sZ2,sZ3,and sZ4 positioned atthe outermost
position in each Fresnel zone have a relatively high volt-
age applied thereto such that the phase delay value of
the liquid crystal layer 3 may form a multi-level step shape
(e.g., a stepwise shape) as shown in FIG. 12. In this em-
bodiment, the first electrodes 120 may have the common
voltage Vcom applied thereto.

[0105] Referringto FIG. 13 andFIG. 14, many features
of the optical system 300 according to an embodiment
of the presentinvention are the same or substantially the
same as those of the above-described embodiment. In
the present embodiment, for example, a plurality of sec-
ond electrodes 230 including a plurality of lower elec-
trodes 230a and a plurality of upper electrodes 230b dis-
posed at (e.g., in) different layers similar to the embodi-
ment shown in FIG. 3 or FIG. 5 will be described
[0106] The lower electrodes 230a and the upper elec-
trodes 230b of the unit lens LU of the optical system 300
according to an embodiment of the presentinvention may
have widths that are increased closer to the center of the
unit lens LU. The width of the respective lower electrode
230a or the upper electrode 230b positioned at (e.g., cor-
responding to) the center of each unit lens LU may be
widest from among the corresponding ones of the lower
electrodes 230a or the upper electrodes 230b within the
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unit lens LU. FIG. 13 shows an example in which one of
the upper electrodes 230b is positioned at the center of
the unit lens LU.

[0107] Referring to FIG. 15, when the unit lens LU is
driven to form the Fresnel lens, for example, the Fresnel
lens realizing a multi-level phase modulation zone plate,
the lower electrodes 230a and the upper electrodes 230b
of each zone may have a step type of voltage applied
thereto that is gradually increased (e.g., is greater) from
the center of the unit lens LU to the outside. In all zones
of the Fresnel lens, the lower electrodes 230a and the
upper electrodes 230b positioned in the same subzones
sZ1, sZ2, sZ3, and sZ4 may have the same voltage ap-
plied thereto.

[0108] Inthisembodiment, the first electrodes 120 may
be applied with the common voltage Vcom.

[0109] Next, a method in which the display device ac-
cording to an embodiment of the present invention is op-
erated in the touch mode while operating in the 2D image
display mode will be described with reference to FIG. 16
to FIG. 19 as well as the above-described drawings.
[0110] FIG. 16 is a cross-sectional view showing a
schematic structure of a display device including an op-
tical system and illustrating a method of displaying a 2D
image according to an embodiment of the present inven-
tion, FIG. 17 is a cross-sectional view illustrating a touch
sensing method when an optical system according to an
embodiment of the present invention has a touch sensing
function, and FIG. 18 and FIG. 19 are top plan views of
an optical system according to an embodiment of the
present invention.

[0111] Referring to FIG. 16, the display device accord-
ing to an embodiment of the present invention includes
the display panel 500 and the optical system 300 posi-
tioned in (or at) the front thereof.

[0112] When the graphics controller 600 outputs the
mode selection signal MSEL selecting the touch mode
to the optical system controller 350 and the display panel
500, the optical system controller 350, the optical system
300, and the display panel 500 are operated in the touch
mode.

[0113] The display panel 500 may display the 2D im-
age in the touch mode.

[0114] Inthe touch mode, the optical system 300 pass-
es (e.g., transmits) the image displayed by the display
panel 500 without refraction to the viewing point band
such that the same image may be observed at all viewing
points. That is, the left eye and the right eye of the ob-
server recognize the same image, thus recognizing a 2D
image.

[0115] Referring to FIG. 17, a first sensing electrode
120TX and a second sensing electrode 230RX that cross
each other together form a touch sensing capacitor Cm
as a mutual capacitor near crossing points to be a touch
sensing node.

[0116] When the touch input voltage is transmitted to
the first sensing electrode 120TX, the touch sensing ca-
pacitor Cm is charged with a charge amount (e.g., a pre-
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determined charge amount), and when a conductor, such
as a finger, approaches or contacts from the outside, the
conductor and the second sensing electrode 230RX to-
gether form a capacitor Cf such that the charge amount
of the touch sensing capacitor Cm and the voltage of the
second sensing electrode 230RX are changed. The
changed charge amount and voltage of the second sens-
ing electrode 230RX are output to and processed by the
second driver 330 as the touch output voltage, thereby
obtaining the contact information.

[0117] One first sensing electrode 120TX may include
at least one first electrode 120. Referring to FIG. 18, one
first sensing electrode 120TX may be formed by a plu-
rality of adjacent first electrodes 120, and in this embod-
iment, the plurality of first electrodes 120 forming one
first sensing electrode 120TX may be electrically coupled
to each other at the edge of the optical panel 310 and/or
may have the same signal (e.g., voltage) applied thereto.
A number of the first electrodes 120 included in the first
sensing electrode 120TX may be determined (e.g., ap-
propriately controlled) according to the touch sensing
resolution.

[0118] One second sensing electrode 230RX may in-
clude at least one second electrode 230. Referring to
FIG. 18, one second sensing electrode 230RX may in-
clude a plurality of adjacent second electrodes 230, and
in this embodiment, the plurality of second electrodes
230 forming one second sensing electrode 230RX may
be electrically coupled to each other at the edge of the
optical panel 310 and/or may have the same signal (e.g.,
voltage) applied thereto. The number of second elec-
trodes 230 included in the second sensing electrode
230RX may be determined (e.g., appropriately control-
led) according to the touch sensing resolution.

[0119] ReferringtoFIG. 19, each second sensing elec-
trode 230RX may include one second electrode 230 from
among the plurality of second electrodes 230 forming the
unit lens LU. Likewise, one or more first electrodes 120
may be used as (e.g., may form) each of the first sensing
electrodes 120TX.

[0120] As described above, the first electrode 120 and
the second electrode 230 of the optical system according
to an embodiment of the present invention together form
the touch sensing capacitor in the touch mode to sense
the external touch and together apply the electric field to
the liquid crystal layer 3 in the multi-view mode, such that
the thickness and the weight of the optical system and
the display device, the number of processing steps, the
processing time, the processing cost, and the like may
be reduced compared with a conventional art device hav-
ing both the touch sensing function and the multi-viewing
point image display function by separately providing and
sequentially adhering the touch panel and the liquid crys-
tal lens panel. Also, by innovatively reducing the number
of layers the displayed image passes through, a lumi-
nance of the image may not be reduced or substantially
reduced.

[0121] While this invention has been described in con-
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nection with what are presently considered to be practical
embodiments thereof, it is to be understood that the in-
vention is not limited to the disclosed embodiments but
is intended to cover various modifications and equivalent
arrangements included within the scope of the appended
claims and their equivalents.

Claims
1. An optical system comprising:

a first panel comprising a plurality of first elec-
trodes extending in a first direction;

a second panel facing the first panel and com-
prising a plurality of second electrodes extend-
ing in a second direction crossing the first direc-
tion;

an optical conversion layer between the first
panel and the second panel; and

a first insulating layer between the first elec-
trodes and the second electrodes, the first insu-
lating layer including an organic material, and
wherein one or more of the first electrodes and
one or more of the second electrodes crossing
each other are adapted to form a touch sensing
capacitor configured to sense atouch in a touch
mode, and

wherein the first electrodes and the second elec-
trodes are adapted to apply an electric field to
the optical conversion layer, the electric field de-
pending on a voltage difference between the first
electrode and the second electrode, to generate
different phase differences according to posi-
tions along the optical system in a multi-view
mode.

2. An optical system according to claim 1, wherein a
dielectric constant of the first insulating layer is be-
tween from 2.5 to 3.5, and
wherein, in the touch mode, the first insulating layer
is adapted to function as a dielectric material of the
touch sensing capacitor and includes an organic ma-
terial.

3. Anoptical system according to claim 1 or 2, wherein
a thickness of the first insulating layer is greater than
a thickness of the optical conversion layer.

4. An optical system according to any preceding claim,
wherein the first insulating layer is between the first
electrodes and the optical conversion layer.

5. An optical system according to any preceding claim
further comprising:

a first driver configured to apply a common volt-
age to the plurality of first electrodes in the multi-
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10.

1.

12.

view mode and to apply a touch input voltage to
the plurality of first electrodes in the touch mode;
and

aseconddriver configured to apply differentvolt-
ages to adjacent ones of the second electrodes
in the multi-view mode and to receive a touch
output voltage from the second electrode in the
touch mode.

An optical system according to claim 5, wherein the
plurality of first electrodes are sequentially supplied
with the touch input voltage in the touch mode.

An optical system according to any preceding claim,
further comprising a cover window on the second
panel,

wherein the cover window is tempered.

An optical system according to any preceding claim,
wherein the second panel further comprises a tem-
pered substrate or a polarizer.

An optical system according to any preceding claim,
further comprising an optical system controller
adapted to receive a mode selection signal from the
graphics controller to control the optical system,
wherein the display panel comprises a display con-
troller adapted to receive the mode selection signal
from the graphics controller.

An optical system according to any preceding claim,
wherein the optical conversion layer comprises a lig-
uid crystal layer.

An optical system according to any preceding claim,
further comprising at least one alignment layer dis-
posed on at least one of an inner surface of the first
panel and an inner surface of the second panel, re-
spectively.

A display device comprising:

a display panel;

an optical system over the display panel; and
a graphics controller configured to control the
display panel and the optical system,

wherein the optical system is according to any
preceding claim and the first insulating layer
substantially completely overlaps or covers the
plurality of first electrodes or/and the plurality of
second electrodes in an area corresponding to
a display area of the display panel.
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FIG. 18
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